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A SUMMARY OF CERTAIN ASPECTS OF THE SCARAB PROBLEM, AND A
CONTRIBUTION TO A BIBLIOGRAPHY OP THE FAMILY SCARABAEIDAE.

By D. Margaret Cumpston, M.Sc*

[Read 26th March, 1941.]

Dui'ing the last two years the writer has carried out certain investigations on the

larvae of Australian species of the family Scarabaeidae. It is thought that a summary

of certain aspects of the problem, together with a bibliography of the literature consulted

during the work, may be of future use. In an appendix two bibliographical lists have

been included; the first deals with work done overseas, and is subdivided into morpho-

logical, physiological, ecological and miscellaneous sections, together with some papers

on breeding and rearing technique; the second, dealing with Australian economic species,

is listed under the host plants. The first list includes only relatively few publications

out of the mass of literature dealing with this group, and is published in the hope that

it may save part, at least, of the preliminary reading necessary in starting any pi-oblem.

The second list is not entirely complete, but does cover most of the species known to be

injurious.

A Summary of Certain Aspects of Conditions Affecting Scarabaeidae of

Economic Importance.

The eggs are laid some inches below the soil surface, in spring and early summer,

being usually deposited in clusters in cavities made by the female. The larvae work

their way upwards after hatching, and feed at varying depths below the soil surface.

Feeding generally takes place at night: the larvae may approach the surface sufficiently

close to disturb it. There are three instars: the total life-cycle ranges from three or

four months to three years (in some North American Scarabaeidae). Feeding takes

place all through the summer. During the winter the larvae are found at greater depths,

enclosed in small cells moulded by pressui'eof the body on the surrounding soil particles.

This cell may also be formed at any time when the larva is not feeding. The depth to

which the larvae descend depends on the climate, the size of the larva and the ease of

penetration.

The following spring, the larvae work their way up again and feed on the young

roots. In young plants the roots are cut off right to the stem, all new rootlets devoured,

and the plant may even be pulled entirely under the surface as the larva feeds. It is

at this time that the damage is most apparent, becoming manifest as areas of stunted

growth and dead plants. Plants are always more affected where conditions are adverse

to vigorous growth, but these conditions usually also render the soil habitat more

unfavourable for larval development. Where growth is strong, the plants may outgrow

the grub attack; this is an important factor in limiting larval damage. In those species

with a two-year life-cycle the damage is greater and extends over a more prolonged

period, the larvae passing two winters in a dormant state. The damage even with the

heaviest grub population is not very apparent until the final instar.

When the larva is fully grown it again burrows downwards. Ritcher (1939) states

that the depth of pupation varies with the species and the type of soil; he concludes

that soil factors may affect the pupation levels, but do not alter the relative positions

of the various species, and also that differences in latitude seem to have little effect on

the depth at which a given species pupates. The larva enters the prepupal state when

it sheds the rectal contents, which are used as a plaster in the formation of the ovoid

pupal cell. This plaster ensures a fairly firm and impermeable structure. The prepupa

has a creamy-white appearance, and just prior to pupation is incapable of any move-

ment but a restricted jerking of the abdomen. The pupa is of the exarate type. The

adult requires several days after emergence before it hardens and assumes the proper

colouration: until then it does not leave the pupal cell. The adults usually first emerge

* This paper was prepared when the writer held a Linnean Macleay Fellowship in Zoology.
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in early spring or summer (notable exceptions are Metanastes vulyivugiis and

Heteronychtis sanctae-helenae, which emerge towards the end of summer and hibernate

in the adult form), and may have a life-time of two to three months, during which

period they lay numerous egg-batches.

The beetles of this family are both diurnal and nocturnal; during their quiescent

periods they congregate under rubbish on the ground, or beneath the soil surface.

During feeding or copulation periods they appear in swarms. In the main, they attack

foliage, many confining themselves to native vegetation, but some attack vines and

orchard trees, doing considerable damage. Anodontonyx noxius {A. tetricus) is found

in the field in the afternoon; the adults have never been observed to feed above

ground, emerging apparently to copulate (McCarthy, 1928). On the other hand,

Anoplognathits species are to be seen swarming over Eucalypts during the day and

completely stripping the young trees: copulation in these species also takes place above

ground. Sericesthis pruinosa is a crepuscular species (Froggatt, 1919); the majority of

the Dynastinae are nocturnal.

Oviposition preferences and mating habits vary. The females of Anodontonyx noxius

show a decided preference for freshly turned soil when they return after copulation.

Soil worked some weeks prior to the appearance of the beetles, or land free from natural

growth is more attractive than stubble or grassed land (McCarthy, 1928). Heteronychus

aanctae-lielenae lays its eggs chiefly in low-lying paspalum land {Agric. Gaz. N.S.W.,

1936), Apliodius tasmaniae is attracted particularly to areas rich in sheep dung (Swan,

1934). Lepidiota caudata prefers buildings, trees, charred stumps, etc., on which to

mate, and mating females fall to the ground, burrow in and oviposit. Eggs are not

normally laid in land which is fallowed at the time of flight (Smith, 1936). Mating

habits and oviposition preferences are of importance because they enable prediction of

the degree of larval concentration in various areas.

The spread of any species of scarab is erratic, depending mainly upon the move-

ments of the adults. These, although capable of sustained flight, do not often use this

capacity, and there is no marked migration. The larval damage is usually scattered,

present in one part of a district and absent from others; in one paddock, while

surrounding ones are barely damaged. Larvae move freely in a vertical direction in

sympathy with changes in moisture levels during the year; their outward horizontal

movement may be limited, although opinion is divided upon this point. Smith (1936)

states that the areas of damaged pasture gradually extend owing to the lateral migration

of the larvae, until each area may cover an acre or more, and several may merge before

larval development is completed. Illingworth and Dodd (1921) on the other hand state

that normally there is little lateral movement of the grubs in the soil. The apparent

advance of the larvae across the fields is marked by the yellowing of the cane-tops. This

is explained by relative infestation: the parts of the field nearest the feeding and

mating trees are more heavily infested. Apliodius tasmaniae larvae do migrate, digging

new burrows as they move outwards (Swan, 1934). Experiments on larval migration

hiave been carried out in Germany (Schwerdtfeger, 1939). The larvae of Melolontha

melolontha, during the vegetation period, move mainly horizontally from root to root.

The rate at which the larvae migrated in summer was dependent on temperature, the

size of the larvae, and the structure of the soil: it is calculated that in nature a larva

covers an average total distance of about five to six and a half feet, with a maximum of

about ten to fifteen feet. The spread of infestation by larval migration is therefore

negligible in forests, but is of greater importance in gardens. According to this author,

the vertical migration is comparatively slight, the average movement being between

approximately five and nine inches in summer, and fourteen and twenty-three inches in

winter. Larvae of Popillia japonica (Hawley, 1934 and 1935) under greenhouse

conditions have moved horizontal distances as great as seven feet, which is as far as

the bins used in the tests would permit. There was considerable individual variation

in the distances travelled, but the tendency to move about is much more evident in

fallow ground than in grass sod. Under natural conditions the distance travelled is not

nearly as great, since the larvae change the direction of their movement at frequent

intervals.
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The larval habits of the various species are in general similar. Aphodius tasmaniae,

as already mentioned, differs in the construction of vertical tunnels in the soil. The

larvae have fairly decided food preferences, according to Hayes (1929), who collected

extensively through North America.

It is generally considered that scarab larvae feed both on living roots and on humus.

It does not seem definitely known whether the larvae feed on living roots in preference

to the humus in the soil, or whether humus is their primary food, roots being attacked

only when there is a deficiency of organic matter in the soil. It is stated that Hetero-

nychus sanctae-helenae larvae feed chiefly on decaying organic matter (Agric. Gaz.

N.S.W., 1936) and also that larvae of Anodontonyx noxius (A. tetricus) live in the early

stages on roots of weeds and grasses as well as on humus, although they can subsist

entirely on the latter (McCarthy, 1928). Illingworth and Dodd (1921) stated that larvae

of sugar-cane beetles normally depend upon humus for their food, adducing various

observed facts in support of their statement. The only experimental rearing of larvae

was done by Fox and Ludwig in America (1937) ; they found that it was possible to rear

larvae of the Japanese beetle from egg to adult on decayed vegetable matter alone,

although in such instances development was somewhat retarded as compared with that

of larvae also supplied with other food, such as grains of wheat. They later (1938)

published the results of a lengthy series of experiments on the same species {Popillia

japonica) in an attempt to find the medium which would be most satisfactory for rearing

purposes: from these experiments some interesting conclusions have been reached. The

media used were various kinds of decayed plant matter, soil, living and dead wheat,

and yeast. It was found that the only medium which was satisfactory when used alone

was Andropogon "mould", and it was inferred that the same may be true for "moulds"

derived from Gramineae (grasses) in general, and especially from the more succulent

forms such as the common pasture and lawn grasses. If this is so, it seems that living

roots are not essential for larval growth under natural conditions. Soil plus Andropogon

"mould" gave the maximum survival for the entire larval period. The improvement in

survival attending the addition of wheat to the various media appears to bear an

inverse relation to the taxonomic affinities of the plant furnishing the "mould" to the

grasses. It appears from this that larvae under lawns and pastures would be able to

survive without attacking the plant roots, but for the inadequate supply of disintegrated

plant matter where the population is dense. Smith (1936), in dealing with Lepidiota

caudata on the Atherton Tableland, states that although the humus content of the soil

in grub-infested districts is generally good, the activity of the pest shows no parallel

with the several available humus determinations, deducing therefore that the humus

content can hardly be a controlling factor in larval distribution.

The larvae have quite a definite effect upon the soil and vegetation, apart from actual

attack, the magnitude of the effect being directly pi'oportional to the numbers of the

larvae. There is the mechanical effect of disturbance by continual movement of the

larvae through the soil (the soil may become very friable and dry through freer

circulation of air, thus greatly affecting shallow root systems, part of which will have

already been destroyed), and the chemical and physical effect of ingestion of quantities

of soil from which the humus is removed in transit. Where the larval population is

high, the soil may assume "pellet" characteristics. Where Aphodius larvae occur in

numbers so much soil may be thrown out of the burrows that the soil surface is covered

by a loose mulch nearly one inch in depth. The regeneration of pasture already

destroyed by the feeding activities of the grubs may be prevented, resulting in bare

patches. Smith (1936) showed that the white grub population in pastures induced

alterations in soil capillarity, indicating a marked disturbance in the moisture-holding

capacity of the soil.

The prolonged subterranean existence of a scarab renders the conditions prevailing

in its soil habitat of extreme importance. The egg, larval and pupal stages are all spent

in the soil: these comprise the major part of the life-history, rated as high as 98% of

the total life-cycle. Also adults have in most species less of a terrestrial than a subter-

ranean existence. For instance, the introduced species Heteronychus sanctae-helenae

normally spends several months undei'ground during winter, while conditions may force

imagines of other species to remain in their pupal cells for more or less protracted
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periods. This occurs when the soil is dry and packed hard so that it is impossible for

them to force their way out. In such a case the adult mortality is high. When the

earth becomes sufficiently moist the emerging swarms will be formed of a mixture of

recently transformed and older adults. The incidence and duration of the flight period

and the intensity of the flight are thus subject to marked fluctuations. Smith (1936)

states that in Queensland spring rainfall is directly correlated with the seasonal

importance of the pest species Lepidiota caudata, since beetle emergence depends entirely

upon a prior soaking of the soil. It is interesting to notice, as he points out, that seasons

which the farmer would consider favourable for dairying, i.e., seasons which are

characterized by good spring rains, are equally favourable to the pest, liberating swarms

of adults. A susceptible belt is much better served by a rainfall which limits the beetle

emergence.

Eggs cannot withstand desiccation. For Melolontha melolontha L. (Schuch, 193S)

it has been shown that the eggs require a marked degree of moisture in their environ-

ment, and develop normally only when in direct contact with a moist substratum

permitting access of air. If saturated air was the only source from which the eggs could

absorb moisture, there was an increase in mortality and the newly hatched larvae were

much shrivelled and notably lighter in weight than normal ones. On the other hand,

eggs kept under water were gradually killed, presumably because of interference with

their gaseous metabolism.

The cell constructed by the larva is its protective device: by its construction

the larva is able to ensure a microclimate which is to a certain extent under its own

control. There are certain conditions under which it is unable to form a cell—if the

ground is too hard, or so saturated that the hole becomes filled with water—in which

case the larva usually succumbs after a number of days. Fidler (1936) deals with the

physical factors of the soil microclimate, and the relation between these and the

behaviour of the larvae inhabiting it. The larvae used were those of the species

Serica brunnea. The most important factors are shown to be soil temperature and soil

moisture. He showed that there is a distinct relation between the water-content of the

soil and the concentration of the body fluid of the larva. In the larval cell the larva

can raise the humidity a small amount per cent, by evaporation, without dangerous loss

of body fluid. In winter the temperature near the surface of the soil may reach a point

below that which the insect can tolerate. The larva is able to evade this by migration

downwards, where it is subjected to lack of oxygen and food, both retarding metabolism.

He showed, however, that they can exist under practically anaerobic conditions at low

temperatures. For Melolontha melolontha (Schwerdtfeger, 1939a) it has been shown

that the larvae in the early instars became inactive at about 43°F. This relatively high

point of inactivity would prevent larvae in position in the ground for hibernation from

moving to a greater depth to escape increasing cold. This appears to be the reason for

their normally hibernating at a depth of 19-24 inches, at which the lethal temperature

is hardly ever reached. On the other hand, lai'vae of Serica hrunnea, if stimulated by

adverse conditions, are capable of movement to the optimum level even if the temperature

is only a few degrees above their fatal zone (Fidler, 1936).

In autumn the limiting factor seems to be excess of soil moisture in the presence

of relatively high temperatures: this is inclined to be fatal in itself, but is also favour-

able for a biotic factor in the larval ecology—development of fungoid and bacterial

diseases. In summer larvae may suffer from lack of moisture. This also has the indirect

effect of removing the food supply of the larva at a time when high temperatures have

induced rapid metabolism (Fidler, 1936). Larvae of Melolontha melolontha are very

resistant to variations in soil moisture, but if the absolute water content of the upper

soil fall below 3% they move downwards, possibly because of the difficulty of moving in

dry earth (Schwerdtfeger, 1939). Temperature changes at hibernation depths are

much smaller than those at the surface; they decrease with increase in depth. The
temperature of the surface soil is less affected by that of the air when there is a

covering of vegetation. Larvae therefore would not undergo rapid fluctuations in

temperature. There is a main temperature inversion in spring and autumn (Mail, 1930),

when the deeper soil ceases to lose and gain heat respectively. McColloch and Hayes

(1923) showed that whenever this change took place the larvae moved either up or
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down. Sweetman (1931) considers that the length of the life cycle is dependent upon

the physical ecological factors.

Smith deals with the chemical factors of the soil habitat (acidity and humus values),

and white grub distribution in relation to these. The acidity of soils in the grub-infested

areas is uniformly high. On the Atherton Tableland the northern and north-western

boundaries have been fairly stable for some time. This may be due to change in soil

type with change of pH values from acid to alkaline. In areas subject to heavy rainfall

soils will tend to become more and more acid through leaching, and the areas liable to

grub infestation will become greater. Smith takes a critical pH value as 5-5, below

which possible infestation is inferred. Following on removal of bases by leaching,

is deterioration of physical characters from good crumb structure to single grain

structure. Lepidiota laevis is restricted to definitely alkaline areas. In some parts of

the world definite correlations have been established between soil texture and grub-

susceptibility.

Australian Economic Species.

The majority of the damage is caused by the root-feeding larvae (with the out-

standing exception of the two species, Metanastes vulgivagus and Heteronychus sanctae-

helenae, in which the boring habits of the adults are directly responsible for weakening

or death of the plants) ; the adults as a rule feed on the foliage of native plants, but

there may be localized and sporadic outbreaks, in which vines and orchard trees are

damaged (e.g., Diphucepliala colaspidoides) . Larval Scarabaeidae infest a large variety

of plants, ranging from grass lands, lawns and field crops, to strawberries, Eucalypts, and

young nursery trees, maize, sugar-cane and vegetables. The actual economic status of

the family in Australia is at present indefinitely known. Larvae infesting the

Queensland cane-fields present a serious problem; heavy damage to pastures occurs in

Queensland (on the Atherton Tableland, where pasture deterioration due to scarabs is

a serious matter) ; in New South Wales on the Dorrigo and Southern Tablelands and in

coastal districts, in South Austi^alia and in Victoria. The only introduced pest species

is Heteronychus sanctae-helenae: the rest of the species which have become pests are

indigenous. In many cases the first outbreaks have been of comparatively recent

occurrence. Clearing of native scrub and coarse grass not only removed the natural

source of food, but replacement by fine cultivated grasses, cereal crops, etc., has often

created conditions favourable for survival, with abundant food.
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